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FREE-FLIGHT HEAT-TRANSFER MEASUREMENTS ON TWO 20o-CONE-CYLINDERS 
AT MACH NUMBERS FROM 1. 3 TO 4. 9 
By Leonard Rabb and Scott H. Simpkinson 
SUMMARY 
Heat-transfer data were obtained in free flight at supersonic Mach 
numbers up to 4.90 and local Reynolds numbers per foot up to 27.7 million. 
Two 20o-included-angle cone-cylinder models) instrumented along the in-
ternal surface of the cone) were launched from a carrier airplane at an 
altitude of approximately 36)000 feet. Each model was accelerated to 
maximum velocity by an internally housed rocket. The models followed 
zero-lift trajectories until ground impact. 
Boundary-layer transition was indicated on one model at various 
stations along the cone. For this model) transition occurred at each 
station at a constant surface Reynolds number of 8.0 million and a ratio 
of skin temperature to local stream temperature of 1.0. Both models had 
turbulent boundary layers in the region where) according to Van Driest's 
predictions) laminar boundary layers should have existed. However) a 
surface discontinuity may have induced turbulent flow. 
The maximum deviation between the local turbulent Stanton numbers 
predicted by Van Driest and the observed data was 20 percent when the 
Reynolds number was based on the distance to the cone apex. The drag co-
efficient was 0.22 at a free-stream Mach number of 4.69. 
INTRODUCTION 
The design of supersonic missiles requires an understanding of lami-
nar and turbulent boundary-layer characteristics under various conditions 
of heat transfer. Many theoretical analyses of the laminar boundary layer 
and) to a lesser extent) of the turbulent boundary layer, have been made. 
Attempts have also been made to gain an understanding of the phenomenon 
of "boundary-layer transition." However, the factors affecting the tran-
sition from a laminar to a turbulent boundary layer and the characteris-
tics of the turbulent boundary layer itself have not been adequately 
evaluated. Experimental data on the subject are particularly needed at 
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high Reynolds numbers and at very low turbulence conditions . Since these 
conditions are difficult to obtain in wind tunnels} the NACA has imple-
mented its over-all program with a series of free-flight tests at Wallops 
Island} Virginia. 
The data reported herein were obtained from two test models designed , 
and constructed at the NACA Lewis laboratory. The test models (fig. 1) 
were 20o-included- angle cone-cylinder bodies of revolution} which were 
launched subsonically at an altitude of approximately 36}000 feet . An 
internally housed rocket accelerated the test models to maximum velocities. 
Following the Tocket-powered period} the models decelerated because of 
drag forces . The cone- cylinders were fin- stabilized and followed zero-
lift trajectories until ground impact. 
Each model was instrumented primarily to obtain the time history of 
the skin temperature along the cone} and the data were obtained with a 
10-channel telemetering unit. 
APPARA'lUS AND PROCEDURE 
The two models reported herein are designated model 3 and model 4 . 
Each model was approximately 80 inches long and consisted basically of a 
20o-included-angle cone with a 9 .25-inch- diameter cylindrical afterbody. 
The general dimensions and specifications for the models are given in 
figure 1. Solid-propellant rockets were used to accelerate the models to 
peak velocity. The rockets were maintained at 1000 F before ignition . 
Both models were stabilized by a cruciform fin arrangement. The fins were 
fabricated of Il-gage (0.125-in.) carbon steel and had a root-chord thick-
ness ratio of 0.011. The leading and trailing edges of the fins were 
beveled . Lead ballast (13.5 Ib) was used in the nose to provide stability 
at the peak Mach numbers. The shells of the models were seam-welded 
Inconel and were hand-polished to a smooth mirror finish. 
The models Were fabricated in three sections, as shown by figure 2. 
The forward section served as a radio-telemeter antenna and was separated 
from the intermediate section by a ceramic ring. This ring caused a sur-
face discontinuity that varied circumferentially from a bump to a depres -
sion. The maximum height of this surface irregularity was approximately 
0.003 inch. The use of surface putty on model 4 did not entirely elimi-
nate the roughness. Surface putty was not used on model 3 . 
The following instrumentatlon was used for each of the two models: 
(1) One linear accelerometer (for axial accelerations) 
(2) One flush static-pressure orifice on aft part of cylinder (fig. 1) 
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(3) One total-pressure probe (fig. 1) 
(4) Seven resistance-wire temperature elements located along inside 
surface of intermediate section (fig. 3) 
The temperature-sensitive resistance elements (fig. 4) consisted of 
fine platinum wires approximately ~ inches long. Two inches at each end 
were plated with silver to form low- resistance lead wires, leaving the 
1/2 inch at the center as the effective sensing element. The wires were 
cemented to the skin with a layer of high-temperature insulating varnish 
that was only a few thousandths of an inch thick. The entire installation 
was roughly 0.004 inch thick. Special junction blocks located 3 inches 
from the sensing elements were used to join the silvered lead wires to 
the coaxial cables from the telemeter units. 
The models were carried aloft by an F-82 airplane and were released 
at an altitude of approximately 36,000 feet. Data were radio-telemetered 
to the ground receiving stations from the 10-channel telemeter unit in 
the intermediate section . Additional data were obtained for model 4 by 
an SCR-584 radar unit. The radar was equipped with optical as well as 
automatic tracking facilities. No radar data were obtRined for model 3. 
The time constant of the temperature elements was less than 0.003 
second. This resulted in a maximum error of 10 R in the measured skin 
temperature ts and 0.30 R per second in the rate of change of the skin 
temperature dts/d~. (Symbols are defined in appendix A. ) These errors 
are systematic errors that directly affect the calculated heat-transfer 
coefficients hcv ' Additional systematic errors in hcv were caused by 
radiation heat losses and by a temperature drop through the skin to the 
internal surface where the elements were located . The calculated values 
of hcv that are discussed in this report are uncorrected for these 
systematic errors and therefore are low by a maximum of 5 percent. 
Random errors also influenced the heat-transfer coefficient hcv ' 
The probable error due to these random errors varied from ±4 to ±6 per-
cent during the acceleration phase of the flights. These errors are in 
addition to the above- mentioned systematic error s. 
RESULTS AND DISCUSSION 
Both test models were launched at free-stream Mach numbers of 0.55 
and followed zero-lift trajectories until impact . The rocket motors 
fired after delay times of 19.8 and 5.4 seconds, respectively, for models 
3 and 4. The shorter delay time of model 4 prevented it from pitching 
downward. A flatter trajectory resulted (fig. 5), which increased the 
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flight time from 31.0 seconds for model 3 to 55.0 seconds for model 4 . 
(For conveni ence in pr esenting the data, the time histories are shown 
from 19 to 31 seconds for model 3 and from 4 to 36 seconds for model 4. ) 
The maximum free - stream Mach numbers attained were 4- . 4-2 (model 3) 
and 4.90 (model 4-) . Visual contact with model 4- was lost immediately 
after rocket burn- out , and the subsequent radar data were obtained from 
the automatic tracking facilities of the SCR-584- radar unit . 
The telemeter signal of model 3 was intermittent. This intermit-
tency, however , did not reflect on the accuracy of the recorded data, 
because the intermittency was in the carrier signal and not in the sub-
carrier data channels . The telemeter signal for model 4 was continuous 
throughout the entire flight. Of a total of 20 channels telemetered for 
the two models, three of the temperature channels did not function prop-
erly. No data are presented for these channels. 
Primary Data 
Free- stream conditions. - The time histories of the measured static 
pressures on the cylindrical afterbodies of models 3 and 4- are presented 
in figure 6 . The measured pressures were less than free - stream static 
pressures because of the flow expansion at the cone-cylinder shoulder . 
Corrections (ref. 1) were applied to the measured static pressures to 
obtain the free - stream static pressures PO' The corrected values of Po 
ar e shown in figure 6 as solid lines. The free - stream static pressures of 
mOQel 4- were also obtained f rom radar data (see appendix B). Figure 6 eb) 
shows the close agreement of the radar data and the corrected values of 
PO ' 
The time histories of the measured total pressures for the two models 
are shown in figure 7. The values do not represent free-stream values of 
total pr essure because of the inherent normal- shock loss of the probe and 
the s l ight loss in total pressure across the conical shock wave origina-
ting at the cone apex . 
The free - stream Mach number, velocity, and Reynolds number per foot 
are presented in f igures 8, 9, and 10, respectively. The free-stream 
Mach numbers of model 3 (f i g . 8ea)) increased from approximately 0.8 at 
rocket ignition to a maximum of 4 . 4-2. Model 4- (fig. 8\ ' j) reached a maxi-
mum free - stream Mach number of 4 . 90 . Because of the long rocket ignition-
delay time (mentioned previously) and the resulting loss in altitude, 
model 3 was still at a supersonic Mach number (2 . 4-2) at impact. Model 4 
decelerated t o a subs onic Mach number of 0 . 80 at impact. The maximum 
free - stream veloc i ties attai ned were 4-720 and 5080 feet per second for 
models 3 and 4 respectively (fig. 9). The maximum free - stream Reynolds 
numbers per fo~t (ReO! ft) were 20.8 million and 11 . 6 million (fig . 10) . 
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Figure 10 also presents the local cone surface Reynolds numbers per foot 
(Reo/ft), which are appreciably higher than the corresponding free-stream 
values. The maximum cone Reynolds numbers per foot were 27.7 million and 
16.6 million for models 3 and 4, respectively. 
Axial acceleration. - The axial-acceleration measurements (excluding 
gravity) are presented in figure 11 in terms of gravitational units ~gIS). 
The acceleration data for model 3 were not continuous throughout the 
flight but do present an adequate time history after 22.75 seconds. The 
peak acceleration which should occur immediately after rocket ignition 
was not recorded for model 3. The highest recorded value was 27.3 gls at 
24.1 seconds (fig. ll(a)). The peak acceleration of model 4 was observed 
immediately following rocket ignition (fig. ll(b)) to be 50.84 gls. A 
second peak of 28.4 gls occurred at 9.6 seconds. The acceleration time 
history of model 4 corresponds closely with the anticipated rocket thrust 
time history. 
Following the power-on phase, the acceleration (excluding gravity) 
was influenced only by the drag forces acting on the models. The total 
drag coefficient was therefore based on the accelerometer measurements 
during the decelerating phase for both models. The total drag coefficient 
CD' based on a maximum cross-sectional area of 0.466 square foot, is pre-
sented in figure 12 for models 3 and 4. The drag coefficient increased 
from 0.16 at a free-stream Mach number of 0.80 to 0.55 at Mo of 0.99 
and then decreased to 0.22 at No of 4.69. 
Skin temperatures. - The time histories of the measured skin tempera-
tures ts are shown in figures 13 and 14. Also shown in each figure are 
the free-stream total temperature TO' the theoretical insulated skin tem-
perature tad based on an assumed recovery factor (see appendix B), the 
static temperature just outside the conical boundary layer to' and the 
free-stream static temperature to' 
The peak skin temperatures of the rear five measurements on model 
3 agreed quite well with the theoretical adiabatic wall temperature at 
the corresponding times. However, this fact cannot be used to verify 
the theoretical recovery factor. To do so would require a precise knowl-
edge of the emissivity of the skin. Other factors, such -as the rapid 
change of TO with time) also make the determination of the recovery 
factor difficult. The data of the most forward element show the peak 
skin temperature to be considerably lower than the corresponding tad' 
Calculations indicate that this difference could be due to heat flow to 
the structural bulkhead close to the most forward temperature element 
( f ig. 3 ( a) ) . 
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The data for the rear three temperature elements of model 4 also show 
good agreement between the peak skin temperature and the theoretical in-
sulated skin temperature. However, the peak skin temperatures presented 
for the two most forward elements (located 1800 apart) do not correspond 
to tad (fig. 14). This difference is not believed to be due to 
a "bulkhead effect," since calculations indicate negligible "bulkhead 
effe t" for these elements. The reasons for the low values of the peak 
skin temperatures for the forward elements are not clearly understood. 
The skin temperatures presented in figures 13 and 14 exceed the free -
stream total temperatures during the latter portion of the flight because 
of the heat capacity of the metal skin. A maximum skin temperature of 
16500 R was observed on model 3 at a slant distance I from the cone apex 
of 24.21 inches . The peak skin temperature of model 4 was 15650 R at 
I = 17.23 inches. The following table presents the maximum observed tem-
perature and maximum rate of rise for each temperature measuring station: 
Model 3 Model 4 
Slant Maximum Maximum Slant Maximum Maximum 
distance tempera- rate of distance tempera- rate of 
to apex, ture, t s , tempera- to apex, ture, tSJ tempera-
IJ o.R ture rise, ~, ~ ture rise, 
in. ~/sec in. oR/sec 
14.46 1510 330 15.29 1435 265 
18.40 1580 320 15.23 1435 290 
20.34 1575 290 17.23 1565 270 
22.34 1500 280 21.10 1460 240 
24.21 1650 320 22.91 1450 265 
25.96 1510 290 
The peak temperatures of models 3 and 4 do not show a smooth axial 
variation. The high-peak temperature of 16500 R for model 3 at ~ = 24.21 
appears out of place, as does the peak temperature of 15650 R at 
I = 17.23 for model 4. These irregularities are not fully understood . 
The authors feel, however, that they are not instrumentation errors . 
The higher values of peak skin temperatures and rates of temperature 
rise for model 3 as compared with model 4 were the result of the flight 
trajectories. Model 3 was at lower altitudes (higher air density) than 
model 4 at comparable flight speeds. 
The maximum rate of skin-temperature rise observed was 3300 R per 
second at I = 14 . 46 inches for model 3. This value corresponds to a 
heat-transfer rate of 0 . 35 Btu/(sq in. )(sec) . 
t 
I 
I 
I 
J 
f 
NACA RM E55F27 7 
Heat-Transfer Results 
Experimental Stanton number. - The time histories of the measured 
skin temperatures were used to compute heat-transfer coeff i cients as 
described in appendix B. Figure 15 shows these coefficients for model 3 
in the nondimensional form of Stanton number St plotted for free-stream 
Mach numbers of 2 . 71 to 4.42 . Corresponding cone Reynolds numbers per foot 
of 10.3 million to 27.2 million are also indicated along the abscissa. 
In addition, the figure includes the ratio of the measured skin tempera-
ture ts to the calculated static temperature just outside the boundary 
layer to. Values of this ratio vary from 1.2 to 2.2. Results indicate 
that, throughout the Mach number range shown, the boundary layer of model 
3 was turbulent all along the instrumented portion of the cone . 
Figure 15 also includes the theoretical curves of Stanton number as 
predicted by Van Driest in reference 2 and as corrected to cone values 
(ref. 3). Two characteristic lengths were used to compute the Reynolds 
number and therefore show the effect on Stanton number of the movement of 
the effective origin of transition. One computation was made with 1 
(the distance of the temperature element from the cone apex) and the other 
with Zl (the distance between the element and the junction of the antenna 
and the ceramic spacer ring) . 
The data of model 4 are presented in figure 16 for free-stream Mach 
numbers from 1 . 31 to 4 . 90 . Corresponding cone Reynolds numbers per foot 
and temperature ratios ts/to varied from 3.0 million to 16.7 million 
and 1 . 0 to 2.0, respectively . The theoretical Stanton numbers in figure 
16 were based on Reynolds numbers from the cone apex. Predicted laminar 
values of Stanton number are also shown in figure 16 (ref. 4 ). 
The maximum difference between the experimental Stanton numbers and 
the values of Van Driest for both models is 20 percent when the local 
Reynolds number is based on the length to the cone apex 1. 
The data presented in figures 15 and 16 are only for the accelerating 
portion of the flights. 1 
lAs mentioned in appendix B, the experimental Stanton number is re-
lated to the specific heat of the skin. This in turn is a function of the 
skin temperature. Data obtained from reference 5 show a sharp disconti-
nuity in the curve of instantaneous specific heat against temperature for 
Inconel at temperatures between 13900 and 14900 R. Consequently, the 
Stanton number cannot be evaluated accurately throu~h this temperature 
range. Also, the error in Stanton number approaches infinity as the 
slopes of the skin-temperature curves approach zero . Additional inaccu-
racies occur when the difference between tad and ts becomes small. 
These factors affect the calculations during the decelerating phase of 
the flights. 
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Boundary-layer transition. - The data for model 4 (figs. 14 and 16) 
clearl y indicate the boundary- layer transition from laminar to turbulent 
flow. Boundary-layer transition is characterized by large changes in the 
stanton number] as shown in figure 16. For example, in figure 16(c), the 
Stanton number increases from 0.00032 at Mo = 2.39 to 0.00119 at 
Mo = 2.51 . The associated rapid rise in skin temperatures at approxi-
mately 8 seconds is shown in figure 14(c). The skin temperatures from 
6 to 10 seconds of figure 14 are presented in figure 17 on expanded 
scales . The approximate time of transition at each temperature station 
is also indicated. 
Transition for model 4 first occurred at approximately 7 seconds at 
L = 22 . 91 . The transition point then moved forward until at 8 . 0 seconds 
the entire boundary layer over the i nstrumented section of the cone was 
turbulent. The movement of the transition point is alsolillustrated in 
the top part of figure 18, which presents the free - stream Mach number at 
the time of transition for each station . Transition occurred at approxi-
mate Mach numbers of 1.85 for the rear stations and 2.50 for the forward 
stations . The cone surface Reynolds number at transit i on was approxi-
mately constant at 8 . 0 million for each station (lower part of fig . 18) . 
The transition Reynolds number may have been influenced by the surface 
discontinuity at the antenna junction . 
Boundary- layer stability . - According to Lees ( ref. 6) and Van Driest 
(ref. 7), complete stabilization of a laminar boundary layer is possible 
under certain conditions . Some of the data of this report are compared 
wi th the stability criteria of Van Dr iest (ref . 7 ) i n figure 19 . The 
theoretical stability curve is plotted for infi nite Reynolds number and 
a Prandtl number of 0.75 with the viscosity based on the Sutherland 
equation. This shows that for a given local Mach number MO] values of 
ts / to equal to or less than those given by Van Driest would be sufficient 
to provide complete stabilization of the laminar boundary layer . Some 
experimental data of references 8 and 9 tend to confirm the predictions 
of references 6 and 7 . However, typical data of this report] presented 
in figure 19] show turbulent boundary layers well within the area of 
complete boundary-layer stabilization predicted by Van Driest . 
The data of model 4 at L = 15 . 29 also show a transition point at 
ts / to = 1 . 0 and a cone surface Mach number Mo of 2.29 . If trans i tion 
occurred along the instrumented portion of the cone of model 3] it oc -
curred very early in the flight where skin-temperature data were not 
recorded because of the intermittent telemeter signal previously 
mentioned . 
The fact that turbulent boundary layers and a trans i tion point were 
indicated in a region of predicted infinite stability may be due to the 
surface roughness at the antenna junction, although an attempt was made 
to remove the roughness of model 4. 
J 
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SUMMARY OF RESULTS 
Two 200 -cone- cylinder bodies of revolution were instrumented to ob-
tain heat - transfer data in free - flight. The data were obtai ned at free -
stream Mach numbers up to 4.90 and at Reynolds numbers per foot up to 
27.7 million, with the following results : . 
1. Transition was indicated at several stations on one model at a 
constant cone surface Reynolds number of 8 . 0 million and a ratio of skin 
temperature to local stream temperature of 1 . 0 . 
2. Turbulent flow occurred on both test models in the region of com-
plete boundary-layer stabilization predicted by Van Driest. However, a 
surface discontinuity may have induced transition . 
3. The local turbulent heat - transfer coefficient differed from the 
theoretical values of Van Driest by a maximum of 20 percent , when the 
cone Reynolds number was based on the d i stance from the cone apex. 
4. A maximum skin temperature of 16500 R and a maxi mum rate of tem-
perature rise of 3300 R per second were r ecorded. 
5 . The drag coefficient of the test models varied from 0 . 55 at a 
free-stream Mach number of 0 . 99 to 0 . 22 at a f r ee- stream Mach number of 
4.69. 
Lewis Flight Propulsion Laboratory 
National Advi sory Committee for Aeronaut i cs 
Cleveland, Ohio, Apri l 27, 1 955 
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APPENDIX A 
SYMBOLS 
The following symbols are used in this report: 
A maximum cross-sectional area, 0.466 sq ft 
a axial a cceleration, g l s (exclusive of gravity) 
CD total drag coeffic ient 
cp specific heat of air at constant pressure, Btu/(slug) (OR) 
Cs specific heat of s k in, Btu/(lb)(OR) 
G heat capacity of skin, (cs)(x)(Ws )' Btu/(sq ft)(OR) 
g 
k 
2 
M 
Nu 
acceleration due to gravity, 32 .17 ft/sec2 
static enthalpy, Btu/lb 
total enthalpy, Btu/lb 
local convective heat-transfer coefficient, G(dts/d~)/(tad - t s )' 
Btu/Csec)(sq ft)(OR) 
thermal conductivity, Btu/(sec)(ft)(OR) 
slant distance from cone apex, in. 
Mach number 
Nusselt number , hcv2/k 
P total pressure, Ib/sq ft 
Pr Prandtl number , Cp~/k 
p static pressure, Ib/sq ft 
q heat transferred per second, Btu/sec 
R gas constant , 53.3 ft-lb/(lb)(OR) 
• 
, 
I 
I 
NACA RM E55F27 11 
Re Reynolds number, VLP/12~ 
~ wetted surface area 
St 
T total temperature, ~ 
t static temperature, oR 
V velocity, ftjsec 
W weight of test model at rocket burn-out 
Ws specif i c we ight of Inc onel s k in, 530. 5 lb/cu ft at 700 F 
x skin thickness , ft 
~ recover y factor (PrI / 3 for turbulent flow; PrI / 2 for laminar flow) 
y ratio of spe c ific heat of air at constant pressure to specific 
heat of air at constant volume 
~ coeffic ient of viscosity of air, Ib- sec/sq ft 
p density of air, slugs/cu ft 
~ time, sec 
* angle between flight path and vertical reference line in space 
Subscripts: 
ad adiabatic wall 
i initial 
m measured 
s skin 
o condit ions just outside conical boundary layer 
o behind normal shock 
o free stream 
I slant distance from temperature element to junction of antenna and 
ceramic insulator ring 
L-_ ______ ~ __ ~ __ _ 
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APPENDIX B 
METHOD OF CALCULATION 
The free-stream static pressure PO encountered by the test models 
was obtained from the flush orifice located on the cylindrical afterbody. 
These measurements were corrected for the flow expansion around the cone-
cylinder shoulder in accordance with reference 1. The ambient pressure 
was also obtained from the radar data as follows. The SCR-584 radar 
tracking unit observed the carrier plane as it descended. At specified 
intervals of pressure altitude, the radar recorded the position of the 
airplane. From such a survey, a curve of static pressure against alti-
tude could be obtained. The radar also provided a time history of the 
altitude encountered by the test models. By combining the curves of Po 
against altitude and altitude against time, the curve of Po against 
time was obtained. The free-stream static temperature was obtained from 
a calibrated temperature probe at each pressure altitude as the carrier 
airplane descended. 
The free-stream velocity Vo was calculated by summing the incre-
mental changes of velocity over short time intervals. The following 
equation was used: 
where 
"2 
Vi + 32.17 L Ca: + cos *") Do" 
"I 
eBl) 
a average axial acceleration, gls (exclusive of gravity), during time 
interval Do" 
V average angle between flight path and vertical reference line in 
space during time interval Do" 
The velocity was also obtained from 
(B2) 
where Mo was calculated from the Rayleigh equation: 
, 
1 
1 
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1 
Po 
P 0J cr 
(~ M~ _ ~)Y-l Y + 1 -I) Y + 1 
Y 
(B3) 
(Y ; 1 M5) y-l 
and Po cr is the measured total pressure behind the normal shock cor-
J 
rected for total-pressure loss across oblique shock wave at apex of cone. 
The free-stream velocity Vo was also obtained directly from the radar 
data. 
The total drag coef£icient was calculated for the decelerating por-
tion of the flight from 
(M) 
where W is the weight of the test model at rocket burn-out. 
The free-stream total temperature TO was obtained by evaluating 
the total enthalpy BtotJO from 
v2 
° Htot,O = Hst,O + 50,056 (B5) 
Reference 10 gives the corresponding TO for the calculated Btot,O' 
The free-stream Reynolds number per foot ReO/ft was calculated 
from 
VoPo CB6) =--
1-10 
where Po was obtained from the general gas law (po = ~~o\, and 1-10 
was obtained from \ V 
(1) to and the Sutherland equation (model 3) 
(2) to and reference 10 (model 4) 
The Reynolds number per foot at the cone surface Reo/ft was obtained 
from 
L ___ ~ ______ ~ __ ~
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(B7) 
where Vo' to' and Po were obtained from the M.l.T. cone tables (ref. 
11). The viscosity, ~o' was evaluat ed at to and obtained from 
reference 10. 
The convective heat-transfer coefficient hcv was obtained by writing 
a heat balance at the wall that neglected small radiation and conduction 
losses: 
and, therefore, 
The heat capacity of the wall is 
where cs is from reference 5. 
where 
The adiabatic wall temperature tad was calculated by 
13 = Prlj3 for turbulent flow 
13 = Pr1/ 2 for laminar flow 
and the Prandtl number Pr was evaluated at to· 
CB8) 
(B9) 
(BIO) 
(Bll) 
(B12) 
Tee heat-transfer coefficient was calculated in the nondimensional 
form as Stanton number st: 
st (B13) 
where cp was evaluated at to· 
• 
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Specification 
Gross ~eight at launching, lb 
Weight at end of ro
cket boost, Ib 
Launching altitude, 
ft 
Rocket ignition-del
ay time, sec 
Design Ma ch number 
at 32,000 ft 
Center of gravity a
t launching (station), i
n 
Center of gravity a
t end of rocket boo
st (station), in . 
Cross-sectional are
a (max .) , sq ft 
Skin thickness at te
mperature meaSuring
 stations, in. 
Skin thickness of s
hell, in . 
Fin area (2 fins) , sq in
. 
Model fineness ratio
 
Stabilizing_fin roo
t- chord - thickness 
ratio 
Dimension Mode l 3 
A 26 . 25 
B 53 · 75 
C 70 . 50 
D 80 . 00 
E 11. 50 
F 7 .50 
G 10 . 00 
Model 3 
204 
101 
36,000 
19 .8 
5 . 0 
47 .87 
43 . 50 
0 .466 
0 . 0270 
0 . 032 
152 
6 . 65 
0 .011 
Model 4 
208 
105 
37,000 
5 .4 
5 . 0 
48 . 13 
43 . 93 
0 .466 
0 .0296 
0 . 032 
152 
8 ·71 
0 .011 
Total- pressure_probe
 
I nconel tubing, 
0 . 085 O.D. x 0 . 066 I .
D. 
Static-pressure orif
ice 
Dimensions in inche
s 
Model 4 Dimension Model 3 Model 4 
-
26 .10 H 8 . 00 8 . 00 
54 . 50 I 25 . 25 25 . 25 
72 . 10 J 9 . 25 9 . 25 
80 . 60 K 11. 77 11·77 
11. 50 L 1.50 1 .40 
7 . 50 M 1. 25 1 . 25 
10 . 25 N . 38 .38 
Figure 1 . - General
 dimensions and spe
cifications for mode
ls 3 and 4 . 
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Figure 7 . - Time history of measured total pressure . 
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Figure 8 . - Time history of free - s+ream Mach number. 
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Figure 10 . - Concluded. Time history of free -s tream Reynolds number per foot and cone Reynolds number per foot . 
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Figure 11. - Time history of axial acceleration. 
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Figure 11 . - Concluded. Time history of axial acceleration . 
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Figure 13. - Time history of air and skin temperatures for model 3. 
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Figure 13 . - Continued . Time history of air and ski n temper atures for model 3 . 
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Figure 13. - Continued . Time history of air and skin temperatures for model 3 . 
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Figure 13. - Continued. Time history of air and skin temperatures for model 3. 
32 
f 
I ) 
, 
I 
~ 
I 
) 
I 
NACA RM E55F27 
2000 
1800 
1600 
g:. 1400 
~ 
Q) 
~ 
+' 
ell ,.. 
~ 1200 ~ 
1000 
800 
600 
20 
u: ~;;-sur 
;~n 
22 24 26 
Time after release, T, sec 
jTheoretical :insulate 
skin temp., tad 
f in temp 
's 
28 30 
(f) Slant distance from cone apex, 25.96 inches. 
Figure 13. - Concluded. Time history of air and -skin temperatures for model 3. 
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Figure 14 . - Time history of air and skin temperatures f or model 4 . 
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Figure 14 . - Continued. Time history of air and skin temperatures for model 4. 
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Figure 14. - Continued. Time history of air and skin temperatures for model 4. 
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Figure 14 . - Con tinued . Time history of air and skin temperatures for model 4 . 
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Figure 14 . - Concluded . Time h is tory of air and skin temperatures for model 4. 
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